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FLEXIBLE STENT AND METHOD OF 
MAKING THE SAME 

CROSS REFERENCE 

This application is a divisional application of Ser. No. 
10/108,778 ?led on Mar. 26, 2002 now US. Pat. No. 7,288, 
111. 

TECHNICAL FIELD 

This invention relates to expandable intralumenal pro sthe 
ses, commonly knoWn as stents. 

BACKGROUND OF THE INVENTION 

Stents are used to treat occlusions in body vessels. Stents 
can be grouped based on their method of deployment: balloon 
expandable or self-expandable. Normally a balloon expand 
able stent is radially compressed onto a non-compliant bal 
loon. The balloon expandable stent has a high radial strength, 
but When compressed it remains in the compressed state. 
When the balloon is in?ated, the stent radially expands and 
maintains its shape after the de?ation of the balloon. Balloon 
expandable stents are advantageous because they can be eas 
ily deformed for use in locations of curvature or Where side 
branch access is required. Balloon expandable stents can also 
produce a higher radial force than self-expandable stents 
during deployment due to the physician’s ability to control 
the pressure applied to the dilatating balloon. Tailoring the 
applied radial force during deployment can aid vascular 
remodeling of a hardened atherosclerotic vessel. 

Self-expanding stents are “shape set” to the shape desired 
once deployed in the vessel. They are then compressed and 
constrained into a delivery shape, usually by a concentric 
sleeve containing the stent. The stent is then delivered to the 
desired location and the sleeve is removed. Upon removal of 
the sleeve, the stent returns to its “shape set” shape. 

In US. Pat. Nos. 5,855,597 and 6,162,245, Jayaraman 
teaches a stent With self-expanding ends and a balloon-ex 
panding middle. The stent can be attached externally or inter 
nally to a polyester fabric or extruded polytetra?ouroethylene 
(PTFE) graft. The stent can also be extruded such that the 
stent and extruded tubes are jointly extruded together. The 
stent can be the middle layer of an extruded tube. Further, the 
stent may or may not be Welded together. The stent can be 
placed at equal distances to each other on the surface of the 
graft and then attached to the graft by any suitable mechanism 
such as using sutures or adhesives. 

In US. Pat. No. 6,168,621, Vrba teaches a stent With a 
self-expanding part at each end of a balloon expanding part. 
The self-expanding part is made from a shape memory metal, 
such as nitinol, so as to enable self-expansion at body tem 
perature upon release of the stent from its delivery catheter. 

In US. Pat. No. 6,315,708, Salmon et al. teach a stent With 
self-expandable sections at both ends of a balloon expandable 
section. The stent can be formed from nitinol by having 
different heat treatments for the central, balloon-expandable 
section as compared to the end, self-expandable sections. The 
stent could also be formed by having stainless steel for the 
central section of the stent and Welding on nitinol end sec 
tions. 

Regardless of the type of stent used, vascular plaque (e.g., 
atherosclerotic plaque) can be dislodged from the vessel Wall 
during stent placement. The thrombi can form emboli that 
occlude vessels, leading to severe trauma such as strokes. 
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2 
Accordingly, it is desired to produce a stent that minimizes 
the risk of emboli production and that can capture thrombi. 

During minimally invasive percutaneous deployment pro 
cedures, stents are often guided through tortuously curved 
and complex vasculature. The ?nal location of the stent can 
also be along a length of vessel that curves sharply. Accord 
ingly, a stent having a ?exible body Which can contort to the 
curvature of a vasculature is needed. 

SUMMARY OF THE INVENTION 

In accordance With one aspect of the embodiments of the 
invention, a stent for biological lumen placement is provided. 
The stent can include a ?rst member having a proximal sec 
tion, a second member having a distal section, and a connec 
tor joining the proximal section of the ?rst member to the 
distal section of the second member. The connector can be 
made from a material comprising a polymer. The connector 
can also ?exibly join the ?rst member to the second member. 
The ?rst member can be self-expandable and the second 
member can be capable of expanding With the application of 
an external force. 

In one embodiment of the present invention, the ?rst mem 
ber and the second member can have a diamond shape and can 
be positioned next to each other along a longitudinal axis of 
the stent. In another embodiment, the ?rst member and the 
second member can have Zig-Zag-shaped annular bands. In a 
further embodiment of the present invention, the connector 
can have a ring-shaped structure connected to the ?rst mem 
ber at a ?rst end of the ring-shaped structure and to the second 
member at a second end of the ring-shaped structure. In yet 
another embodiment, the connector can be de?ned by a plu 
rality of joint elements such that a comer of the ?rst member 
is connected to an adjacent comer of the second member by 
one of the joint elements, and the joint elements can have a 
generally box-shaped structure. 

In accordance With another aspect of the embodiments of 
the present invention, an implantable prosthesis is provided. 
The prosthesis can include a polymeric layer containing a 
self-expandable ?rst ring member and a second ring member 
that can be expanded With the application of an external force. 
The ?rst ring member can be positioned at a distance aWay 
from the second ring member. 

In one embodiment of the present invention, the ?rst ring 
member can be positioned at a ?rst end of the prosthesis, the 
second ring member can be positioned betWeen the ?rst end 
and a second end of the prosthesis. In one embodiment, a 
self-expandable third ring member can be provided and posi 
tioned at the second end of the prosthesis. In another embodi 
ment, the polymeric layer has a void-to-volume ratio of less 
than about 5%. In yet another embodiment, the prosthesis has 
a luminal layer having a void-to-volume ratio of about 40% to 
about 90% disposed on the inner surface of the polymeric 
layer. In a further embodiment, the prosthesis has an outer 
layer having a void-to-volume ratio of about 40% to about 
90% disposed on the outer surface of the polymeric layer. 

In accordance With another aspect of the embodiments of 
the present invention, a method for manufacturing a stent is 
provided. The method of manufacturing can include forming 
a band made at least in-part from polymer on a mandrel, 
positioning an end of a ?rst member on a ?rst end of the band, 
positioning an end of a second member on a second end of the 
band, and increasing the thickness of the band to encapsulate 
the ends of the ?rst and second members. This method of 
manufacturing can ?exibly connect the ?rst member to the 
second member. 
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SUMMARY OF THE FIGURES 

FIG. 1 illustrates a side vieW of one embodiment of the 
stent. 

FIGS. 2a-2c illustrate various embodiments of the stent 
With the self-expandable rings expanded and the balloon 
expandable rings compressed. 

FIGS. 3a-3c illustrate embodiments of cross section 3-3 of 
FIG. 1. 

FIG. 4 illustrates a perspective vieW of an elongated struc 
tural ring from an embodiment of the stent. 

FIG. 5 illustrates a perspective vieW of another embodi 
ment of the stent. 

FIG. 6 illustrates a side vieW of an embodiment of an 
expandable structural ring from FIG. 5. 

FIGS. 7a and 7b illustrate perspective and front vieWs, 
respectively, of a polymer ring from an embodiment of the 
stent. 

FIG. 8 illustrates a perspective vieW of another embodi 
ment of the stent. 

FIG. 9 illustrates a perspective vieW of one embodiment of 
a polymer connector from FIG. 8. 

FIGS. 10a-10c illustrate a method of manufacturing an 
embodiment of the stent on a mandrel. 

FIGS. 11a-11c illustrate a method of using an embodiment 
of the stent. 

DETAILED DESCRIPTION 

Apparatus 

Embodiment With Polymer Layer 
FIG. 1 illustrates an embodiment of a stent 10 that can have 

individual, disconnected structural rings 12 ?exibly con 
nected to one another by a polymer layer 13. The structural 
rings 12 can be a combination of balloon expandable struc 
tural rings 12 and self-expandable structural rings 12 or can 
all be the same type of structural ring 12 (i.e., all balloon 
expandable or all self-expandable). The stent 10 can have a 
length of about 0.5 cm (0.2 in.) to about 30 cm (10 in.), for 
example about 3 cm (1 in.). 

FIGS. 2a-2c shoW three separate embodiments of the stent 
10 With the self-expandable structural rings 12 expanded and 
the balloon expandable structural rings 12 collapsed. The 
embodiment illustrated in FIG. 211 can have self-expandable 
structural rings 12 at end sections 14 and balloon expandable 
structural rings 12 in a middle section 16. During deployment, 
this embodiment can create an isolated space betWeen the 
stent 10 and the Wall of the vessel in order to capture thrombi 
that can be dislodged during the procedure. The number of the 
structural rings 12 can vary from about 1 to about 10 per 
centimeter of length of the stent 10, more narroWly from 
about 2 to about 5 per centimeter of length of the stent 10.Any 
combination of numbers of the self-expandable and the bal 
loon expandable structural rings 12 can, hoWever, be used, for 
example ?ve balloon expandable structural rings 12 in the 
middle section 16 and one self-expandable structural ring 12 
at each end section 14. 

FIG. 2b illustrates an embodiment that can have balloon 
expandable structural rings 12 at the end sections 14 and 
self-expandable structural rings 12 in the middle section 16. 
During deployment, the radial force exerted by the balloon 
expandable structural rings 12 can be more easily controlled 
than that of the self-expandable structural rings 12. The end 
sections 14 can securely anchor to the vessel Wall While the 
middle section 16 alloWs for su?icient contact or pressure 
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4 
against the vessel Wall so as to minimize stress and potential 
damage to the vessel Wall as compared to the end sections 14. 

FIG. 20 illustrates an embodiment that can have self-ex 
pandable end sections 14 and a self-expandable structural 
ring or rings 12 in or near the middle of the stent 10 With the 
remainder of the structural rings 12 being balloon expand 
able. The stent 10 can create a pair of spaced regions betWeen 
the stent 10 and the vessel Wall during deployment. 
The polymer layer 13 can de?ne a lumen 18 and can be 

made of a single layer 20 surrounding the structural rings 12 
(FIG. 3a) or an inner sub-layer 22 and an outer sub-layer 24 
surrounding the structural rings 12 (FIG. 3b). A thickness 26 
of the single layer 20 or a combined thickness 28 of the inner 
sub-layer 22 and the outer sub-layer 24 can be about 10 
microns (0.4 mils) to about 200 microns (8 mils), more nar 
roWly of about 50 microns (2.0 mils) to about 75 microns (3 .0 
mils). 
The polymer layer 13 can serve to hold the structural rings 

12. The polymer layer 13 can compress intimal tears against 
the inner Wall of the vessel to prevent occlusion of the vessel 
and can help trap thrombi betWeen the stent 10 and the Wall of 
the vessel. The polymer layer 13 further increases the ?ex 
ibility of the stent 10iparticularly as compared to rigid 
stents having structural rings 12 connected by stiff intercon 
necting members or Weldsito aid deployment in curved 
vessels and reduce the mechanical stress applied to the struc 
tural rings 12 by the radial expansion of the stent 10. The 
polymer layer 13 can also provide better biocompatibility 
than a bare stent. Further, the polymer layer 13 can reduce 
unnatural blood ?oW around the stent 10. The polymer layer 
13 can also act as an anchor for intimal groWth and a matrix 
for drug delivery. 
The polymer layer 13 can be made from any polymeric 

material including non-porous polyurethanes, porous poly 
urethanes (e.g., Thoralon®, available from Thoratec Corpo 
ration in Pleasanton, Calif.), PTFE, expanded PTFE (ePTFE), 
polyethylene tetraphthalate (PET), aliphatic polyoxaesters, 
polylactides, polycaprolactones, and hydrogels. “Hydrogel” 
is intended to include a cross-linked polymer, via covalent, 
ionic, or hydrogen bonding, to form a three-dimensional open 
lattice structure Which is capable of entrapping Water mol 
ecules to form a gel. Examples of hydrogels include non 
permissive hydrogels such as anionic hydrogels (e.g., algi 
nate or carageenan) and “solid” hydrogels (e.g., agarose or 
polyethylene oxide). 
The polymer layer 13 can be substantially or completely 

non-porous. The polymer layer 13 can also have a void-to 
volume ratio of less than about 5%, more narroWly less than 
about 1%. “Void-to-volume ratio” is de?ned as the volume of 
the pores divided by the total volume of the layer including 
the volume of the pores. Void-to-volume ratio can be mea 
sured using the protocol described in AAMI (Association for 
the Advancement of Medical Instrumentation) VP20-l994, 
Cardiovascular ImplantsiVascular Prosthesis section 
8.2.1.2, Method for Gravimetric Determination of Porosity. 

FIG. 30 illustrates an embodiment of the stent 10 having a 
porous outer layer 30 on the outer or tissue-contacting side of 
the polymer layer 13, the polymer layer 13, and a porous 
lumenal layer 32 on the lumen-side of the polymer layer 13. 
The porous outer layer 30 can be made of any suitable porous 
biocompatible material, eitherbioabsorbable (i.e., biodegrad 
able) or biostable (i.e., non-biodegradable) in nature. Repre 
sentative examples of materials that can be used for the 
porous outer layer 30 include those materials that can be used 
for the polymer layer 13. 

Therapeutic substances can also be coated onto or con 
tained Within the porous outer layer 30 for sustained release 
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subsequent to the implantation procedure. lntimal cell in 
groWth can also be facilitated by the porous outer layer 30. 
The porous outer layer 30 also provides the stent 10 With a 
lubricious surface that decreases adhesion of the material of 
the porous outer layer 30 to itself While collapsed and reduces 
the degree of friction betWeen the stent 10 and a delivery 
device. 

The porous outer layer 30 can have a thickness of about 10 
microns (0.4 mils) to about 50 microns (2 mils), more nar 
roWly of about 20 microns (0.8 mils) to about 30 microns (1 
mil). The porous outer layer can have a void-to-volume from 
about 40% to about 90%, more narroWly from about 70% to 
about 80%, for example about 76%, and an average pore 
diameter from about 1 micron (0.04 mils) to about 400 
microns (20 mils), more narroWly from about 1 micron (0.04 
mils) to about 75 microns (3.0 mils), including the range of 
about 1 micron (0.04 mils) to about 38 microns (1.5 mils). 

The porous lumenal layer 32 can be made of any suitable 
porous biocompatible material, either bioabsorbable or bio 
stable in nature. Examples of appropriate materials can be the 
same as those materials that can be used for the polymer layer 
13. The porous lumenal layer 32 can also be used for thera 
peutic substance delivery by being coated With therapeutic 
sub stances or having therapeutic sub stances embedded in the 
matrix. 

The porous lumenal layer 32 can have a thickness of about 
10 microns (0.4 mils) to about 50 microns (2 mils), more 
narroWly of about 20 microns (0.8 mils) to about 30 microns 
(1 mil). The porous lumenal layer 32 can have a void-to 
volume from about 40% to about 90%, more narroWly from 
about 65% to about 80%, for example about 72%, and an 
average pore diameter from about 1 micron (0.04 mils) to 
about 400 microns (20 mils), more narroWly from about 1 
micron (0.04 mils) to about 75 microns (3.0 mils), including 
the range of about 1 micron (0.04 mils) to about 38 microns 
(1.5 mils). 

FIG. 4 illustrates an embodiment of a Zig-Zag-shaped self 
expandable or balloon expandable structural ring 12 that has 
been cut and ?attened into a plane for illustrative clarity. The 
structural ring 12 can have a structural ring height 34 from 
about 0.005 mm (0.0002 in.) to about 1 mm (0.04 in.), for 
example about 0.15 mm (0.0059 in.). The structural ring 12 
can have a structural ring Width 36 from about 0.05 mm 
(0.002 in.) to about 1 mm (0.04 in.), for example about 0.15 
mm (0.0059 in.). The structural ring 12 can have a structural 
ring depth 38 from about 1 mm (0.4 in.) to about 10 mm (4 
in.), more narroWly about 2.5 mm (0.098 in.) to about 5 mm 
(0.2 in.). The structural ring 12 can have a number of croWns 
40 (e.g., sharp turns) from about three to about ten, for 
example, about ?ve to about seven. The structural ring 12 can 
also have a croWn inner radius 42 from about 0.05 mm (0.002 
in.) to about 1 mm (0.04 in.), for example 0.2 mm (0.008 in.). 

“Balloon-expandable” structural rings 12 can be de?ned as 
the structural rings 12 that can only expand from a collapsed 
position to their designed deployed dimension With the appli 
cation of an external force. The balloon expandable structural 
rings 12 can provide suf?cient structural support so as to 
maintain vascular patency When the stent 10 is deployed. 
Representative materials that can be used for balloon expand 
able structural rings 12 include metals, for example titanium 
nickel alloys (e.g., nitinol), tantalum alloys, cobalt chrome 
alloys (e. g., Elgiloy), platinum/tungsten alloys, stainless 
steels and combinations thereof, and polymers. Balloon 
expandable structural rings 12 Within the same stent 10 can be 
made from different materials. 

“Self-expandable” structural rings 12 can be de?ned as any 
expandable structural rings 12 that do not qualify as balloon 
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expandable structural rings 12. The structure and dimensions 
of the self-expandable structural rings 12 can be the same as 
the structure and dimensions of the balloon expandable struc 
tural rings 12 described above and illustrated in FIG. 4. Self 
expandable structural rings 12 should be able to provide 
suf?cient structural support to maintain vascular patency and 
anchor the stent 10 against the vessel so as to seal the space 
betWeen the balloon expandable structural rings 12 and 
intima in order to trap thrombi. Materials that can be used for 
self-expandable structural rings 12 can be the same as those 
described above for balloon expandable structural rings 12. 
Self-expandable structural rings 12 Within the same stent 10 
can be made from different materials. 

Four characteristics of the structural rings 12 include: (1) 
the yield stress of the material used; (2) the modulus of 
elasticity of the material used; (3) the desired compressed 
diameter; and (4) the desired expanded diameter. These char 
acteristics can be determinative of Whether the structural 
rings 12 are balloon expandable or self-expandable. Since 
these four characteristics are interrelated, analyZing any 
single characteristic is mo st clearly done When the other three 
characteristics are held constant. For example, compared 
With the self-expandable structural rings 12, the balloon 
expandable structural rings 12 can have smaller yield stresses 
While holding moduli of elasticity, the desired compressed 
diameters, and the desired expanded diameters constant. 
Compared to the self-expandable structural rings 12, the bal 
loon expandable structural rings 12 can have smaller moduli 
of elasticity While holding the other three characteristics con 
stant. Likewise, the analysis folloWs that as compared to 
self-expandable structural rings 12, balloon expandable 
structural rings 12 can have smaller compressed diameters 
While holding the other three characteristics constant, and 
larger expanded diameters While holding the other three char 
acteristics constant. 

Embodiment With Polymer Rings 
FIG. 5 illustrates another embodiment of the stent 10. The 

stent 10 can have expandable structural rings 12 made from 
Zig-Zag-shaped annular bands (or ring members) 44 forming 
diamond shapes 120 as shoWn in FIGS. 5-6. The Zig-Zag 
shaped annular bands 44 can be joined by connecting points 
46. The connecting points 46 can be a bridge of the material, 
adhesives, or Welds, betWeen the Zig-Zag-shaped annular 
bands 44. Referring to FIG. 6, the structural diamond shape 
120 has a ?rst comer 101, a second comer 102, a third comer 
103 and a fourth comer 104. The ?rst corner 101 is formed by 
a ?rst pair 105, 106 of adjacent bend sections connected to 
each other by a ?rst connecting point 46. The second comer 
102 is formed by a second pair 107, 108 of adjacent bend 
sections connected to each other by a second connecting point 
46. The third corner 103 and fourth comer 1 04 of the diamond 
shape 120 are formed by opposed bend sections that are 
betWeen the ?rst pair 105, 106 and the second pair 107, 108 of 
adjacent bend sections. The structural rings 12 can be made 
from any number of the Zig-Zag-shaped annular bands 44 and 
can be held to one another by polymer rings 48. Structural 
rings 12 in FIG. 5 have a diamond shape and are positioned 
adjacent to each other along a longitudinal axis of the stent 10. 
The rings 12 are connected by the ring-shaped polymer ring 
48. 

The structural rings 12 can be balloon expandable or self 
expandable. The annular rings can have about 4 to about 25 
bend sections, for example about 5 bend sections per ring. 
The function and materials for the structural rings 12 in this 



US 7,758,629 B2 
7 

embodiment can be the same as the function and materials for 
the structural rings 12 in the embodiment With the polymer 
layer 13 described above. 

FIGS. 7a and 7b illustrate an embodiment of the polymer 
rings 48. The polymer rings 48 can be circumferentially con 
tinuous and can have mounting sockets 52 Where the struc 
tural rings 12 can attach to the polymer rings 48. The mount 
ing sockets 52 can be lined With an elastic material and/or a 
material With a higher coe?icient of friction than the material 
of the polymer rings 48 in order to help grip the structural 
rings 12. The number of mounting sockets 52 per polymer 
ring 48 can be the same as the number of bend sections per 
structural ring 12. The mounting sockets 52 should not inter 
fere With the structural integrity of the polymer ring 48. 

In a relaxed state, the polymer rings 48 can have a ring 
length 54 from about 0.5 mm (0.02 in.) to about 1 cm (0.4 in.), 
more narroWly from about 1 mm (0.04 in.) to about 3 mm (0.1 
in.). The polymer rings can have a ring thickness 56 from 
about 10 microns (0.4 mils) to about 200 microns (8 mils), 
more narroWly from about 20 microns (0.8 mils) to about 30 
microns (1 mil). 

The polymer rings 48 can serve to provide ?exibility to the 
stent 10. The polymer rings 48 can also be made from the 
same materials as the polymer layer 13 described above. The 
polymer rings 48 Within a single stent 10 can have different 
dimensions and different materials to vary the ?exibility 
along the length of the stent 10. 

Embodiment With Connections 
FIG. 8 illustrates yet another embodiment of the inventive 

stent 10 having connections betWeen the structural rings 12. 
The connections can be discreet polymer connectors 58, 
including the block-shaped connector illustrated in FIG. 9. 
Each end of the discreet polymer connectors 58 can have any 
number of mounting sockets 56, for example about one for 
connecting adjacent struts 44 of the stent 10. 

The polymer connectors 58 can have a connector length 60 
from about 0.5 mm (0.02 in.) to about 10 mm (0.4 in.), for 
example about 2 mm (0.08 in.). The polymer connector 58 
can have a connector Width 62 ranging from about 0.5 mm 
(0.02 in.) to about 10 mm (0.4 in.), for example about 2 mm 
(0.08 in.). The polymer connector 58 can have a connector 
depth 64 ranging from about 0.005 mm (0.0002 in.) to about 
1 mm (0.04 in.). 
The polymer connectors 58 can serve to provide ?exibility 

to the stent 10. The polymer connectors 58 can also be made 
from any material described above for the polymer layer 13. 
The polymer connectors 58 of a single stent 10 can have 
different dimensions and can be made from different materi 
als to vary the ?exibility along the length and along the 
angular position of the stent 10. 

Method of Manufacture 

Structural Rings 
The structural rings 12 can be selected from those com 

mercially available or can be manufactured by cutting, for 
example by laser drilling, from a solid tube or ?at plate of a 
desired material. If the structural ring 12 is cut from a ?at 
plate, the cut piece can then be Wrapped around a cylindrical 
mandrel and the ends of the cut piece can be joined by any 
conventional method such as heat Welding, pressure Welding, 
or attaching With an adhesive. The structural ring 12 can then 
be etched by any method knoWn to one having ordinary skill 
in the art. The etching can be performed to remove a brittle 
oxide layer on the surface of the structural ring 12. 

The expanded shape of the self-expandable structural rings 
12 can be pre-set in an annealing process. The self-expand 
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8 
able structural rings 12 can be mounted on a mandrel simu 
lating the desired ?nal shape of the self-expandable structural 
rings 12. The self-expandable structural rings 12 can then be 
heated for a time and at a temperature to increase grain siZe 
and then cooled to recrystaliZe the material of the self-ex 
pandable structural rings 12 in a desired phase. The mechani 
cal properties of the self-expandable structural rings 12, 
including modulus of elasticity and plateau stress, can vary 
based on the heat treating time and temperature. The material 
and dimensions can also be determinative of the annealing 
time and temperature. For example, a nitinol stent on a 
reshaping mandrel can be heat treated at about 460° C. for 
about 15 minutes. A nitinol stent on a reshaping mandrel can, 
hoWever, also be heat treated at about 460° C. for about 5 
minutes, thus producing different mechanical characteristics 
for the self-expandable structural rings 12, including a higher 
modulus of elasticity and plateau stress, than the self-expand 
able structural rings 12 heated for about 15 minutes. Anneal 
ing times and temperatures for different materials and the 
production of different characteristics are knoWn to one hav 
ing ordinary skill in the art. 

Stent With Polymer Layer(s) 
To manufacture an embodiment of the stent 10 having the 

polymer layer 13, an inert (e. g., glass) mandrel can be 
immersed or sprayed With a composition to form the polymer 
layer 13. The mandrel can be, for example, about 6 mm (0.2 
in.) in diameter and can be cleaned With isopropyl alcohol. 
First the composition can be prepared by dissolving the poly 
mer in a solvent by any conventional method. Any suitable 
solvent can be used including alcohols, aromatic hydrocar 
bons, dimethyl acetamide (DMAC), and the like. Depending 
on the application method, the polymer can comprise greater 
than 0% to beloW about 100% by Weight of the total Weight of 
the composition. The speci?c amount depends on a variety of 
factors, including the type of polymer used and the viscosity 
desired. Using Thoralon® as the polymer and DMAC as the 
solvent, the polymer can comprise about 5% to about 40% by 
Weight of the total Weight of the composition. The polymer 
can be less than about 5% by Weight for some spray applica 
tion procedures. In one embodiment Where the mandrel is 
immersed in the composition, the polymer can be about 24% 
by Weight of the total Weight of the composition. 

In one embodiment, the mandrel can be immersed in the 
composition at a speed of about 70 cm/min (30 in./min) 
through a die (having, for example, a diameter of about 6.76 
mm (0.266 in.). The solvent can then be removed or alloWed 
to evaporate to form a ?lm layer of the polymer on the man 
drel. The step of removing the solvent need not be taken to 
completion so as to provide a polymer layer With a semi-solid 
surface. The semi-solid surface can provide a better adhesive 
tie betWeen multiple coating applications Which, in essence, 
eliminates a distinct seam betWeen the multiple layers. Con 
versely, taking the solvent removal to completion can create a 
seam, creating the inner sub-layer 22 and the outer sub-layer 
24 (see FIG. 3b). Evaporation of the solvent can be induced by 
application of heat treatment for about 5 minutes to about 24 
hours in an oven having a temperature of about 25° C. to about 
80° C. In one exemplary embodiment, evaporation can be 
induced at about 60° C. for about 60 minutes, and at ambient 
pressure. Alternatively, vacuum conditions can be employed. 

FolloWing the formation of a ?rst coat of the polymer layer 
13, the structural rings 12 can be placed on the mandrel and 
securely positioned on the ?rst coat. The composition can 
then be applied again to cover the structural rings 12. In one 
embodiment, this second application of the composition can 
be performed by immersing the mandrel in the composition at 



US 7,758,629 B2 
9 

a speed of about 70 cm/min (30 in./min) through a die (hav 
ing, for example, a diameter of about 7.24 mm (0.285 in.)). 
Subsequent to the application of the second coat of the com 
position, the solvent can be removed or allowed to evaporate 
to form the polymer layer 13 that encapsulates the structural 
rings 12. 

Porous Lumenal Layer 
In embodiments With the porous lumenal layer 32, the 

mandrel can be ?rst immersed in a composition or, alterna 
tively, the mandrel can be sprayed With the composition for 
forming the porous lumenal layer 32. The composition can 
constitute at least one of the aforementioned polymers 
admixed With a solvent. Using Thoralon® as the polymer and 
DMAC as the lumenal layer solvent, the composition can 
include the previously described polymer/solvent Weight 
ratios. In one embodiment Where the mandrel is immersed in 
the composition, the polymer can be about 14% by Weight of 
the total Weight of the composition. 

Porosity can be introduced by adding Water-soluble par 
ticles, such as salt, to the composition before the composition 
is applied to the mandrel. In one embodiment, the particles 
can be mixed into the composition With a spinning blade 
mixer for about an hour under ambient pressure and in a 

temperature range of about 18° C. to about 27° C. The par 
ticles can then be extracted by soaking the dried layer in 
distilled Water and dissolving the particles, leaving pores 
behind. The resulting void-to-volume can be substantially 
equal to the ratio of salt volume to the volume of the polymer 
plus the salt. The resulting pore diameter can also be substan 
tially equal to the diameter of the salt grains. Extraction can 
occur through a variety of methods knoWn to those having 
ordinary skill in the art, including soaking in a substantially 
still distilled Water at about 60° C. for about one hour While on 

a mandrel, and soaking in substantially still distilled Water at 
about 60° C. for about one hour While off the mandrel. Extrac 
tion can occur once all the layers have been applied to the sent 
10. The composition can have an amount of salt of about 10 to 

about 20 times, for example about 14 times, the amount of 
polymer by Weight. 

In one embodiment, the mandrel can be immersed in the 

composition at a speed of about 70 cm/min (30 in./min) 
through a die (having, for example, a diameter of about 6.76 
mm (0.266 in.)). Subsequent to the application of the com 
position, the solvent can be removed or alloWed to evaporate 
to form a ?lm layer of the polymer on the mandrel. Evapora 
tion can be induced by application of heat treatment, for 
example, about 5 minutes to about 24 hours in an oven at a 

temperature of about 25° C. to about 80° C. For example, heat 
treatment can be conducted at about 60° C. for about 20 

minutes at ambient pressure. Alternatively, vacuum condi 
tions can be employed. The process of application of the 
composition and removal of the solvent can be repeated to 
form the porous lumenal layer 32 of any suitable thickness. 

Porous Outer Layer 
In embodiments With a porous outer layer 30, a composi 

tion can be applied to the polymer layer 13 for forming of the 
porous outer layer 30. The solvent used With the composition 
can be capable of Wetting the polymer layer 13 to aid bonding 
of the tWo layers. The ratio of polymer to solvent for the 
composition can be the same as the previous ratios. In one 
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10 
embodiment Where the mandrel is immersed in the composi 
tion, the polymer can be about 10% by Weight of the total 
Weight of the composition. 
The composition can also include particles to form pores. 

The composition can have an amount of salt about 1 to about 

10 times, for example about 6 times, the amount of polymer 
by Weight. 

In one embodiment, the mandrel can be immersed in the 

composition at a speed of about 70 cm/min (30 in./min) 
through a die (having, for example, a diameter of about 7.24 
mm (0.285 in.)). Subsequent to the application of the com 
position, the solvent can be removed or alloWed to evaporate 
to form the porous outer layer 30. The process of application 
of the composition and removal of the solvent can be repeated 
to form the porous outer layer 30 of any suitable thickness. 

Stent With Polymer Rings or Polymer Connectors 
To manufacture an embodiment of the stent 10 having the 

polymer rings 48 or the polymer connectors 58, the polymer 
rings 48 or the polymer connectors 58 can ?rst be cast or 

otherWise formed by techniques knoWn to one having ordi 
nary skill in the art. The structural rings 12 can then be press 
?t into the mounting sockets 56. An adhesive can also be 
applied Where the structural rings 12 contact the polymer 
rings 48 or the polymer connectors 58. 

The stent 10 having the polymer rings 48 or the polymer 
connectors 58 can also be manufactured directly onto the 
mandrel 66. FIGS. 10a-10c illustrate a method for manufac 

turing the stent 10 With the polymer rings 48. An equivalent 
method can be used for forming the connectors 58. First, a 
composition for the polymer rings 48 can be prepared con 
stituting at least one of the aforementioned polymers dis 
solved in a solvent. In one embodiment, the composition can 
be applied to the mandrel 66 by a syringe to form a desired 
number of band layers 68. The syringe can have, for example, 
a 20 gauge needle tip for controlling the application of the 
composition. The solvent can then be removed from the com 
position. 

Following the formation of the band layers 68, the structural 
rings 12 can then be placed on the mandrel 66 such that a 
section of the structural rings 12 overlaps and is positioned 
over on the band layers 68, as illustrated in FIG. 10b. The 
composition is then applied by the syringe to complete the 
polymer rings 48, as illustrated in FIG. 10c. 

Method of Using 
FIGS. 11a-11c illustrate a method of using one embodi 

ment of the stent 10. FIG. 11a illustrates the stent 10 after 

having been radially compressed and loaded onto a delivery 
device 70, for example a catheter, and then positioned in a 
blood vessel 72 at the desired deployment location, for 
example near an intimal ?ap 74 or atherosclerotic plaque 76. 
As illustrated in FIG. 11b, the delivery device 70 can then 
release the self-expandable end sections 14. The self-expand 
able end sections 14 then segment the space betWeen the stent 
10 and the blood vessel Wall from the rest of the blood vessel 
72 in order to trap thrombi. In embodiments Where the stent 
1 0 is covered by the porous outer layer 3 0, the porous lumenal 
layer 32, or has the polymer layer 13, the space betWeen the 
stent 10 and the blood vessel Wall can be substantially isolated 
from ?uid How. The self-expandable end sections 14 can also 
minimiZe migration of the stent 10 during deployment by 
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anchoring the stent 10 against the blood vessel Wall at the 
beginning of the deployment process. A dilatation device can 
then radially expand the balloon expandable middle section 
16, pressing and holding any obstructions against the Wall of 
the blood vessel and performing vascular remodeling as nec 
essary, as illustrated in FIG. 110. 

The structure of the stent 10 and the combination of balloon 
expandable and self-expandable structural rings 12 can be 
selected based on the intended location of the stent 10 Within 
the body. For example, When the stent 10 is intended for 
coronary or neurovascular use, the stent 10 can have the 

structure illustrated in FIG. 8 and can be made from all 
balloon expandable structural rings 12 so as to facilitate the 
connection of side branches of the blood vessel 72 to the stent 
10 by methods knoWn to one having ordinary skill in the art. 
As another example, in order to minimiZe the effects of the 
stent 10 being crushed by external forces When the stent 10 is 
intended for peripheral vessel use, the stent 10 can have the 
structure illustrated in FIG. 5 and can be made from all 

self-expandable structural rings 12. In yet another example, 
When the stent 10 is intended for saphenous vein graft use, the 
stent 10 can have the structure illustrated in FIG. 5 and can be 

made from self-expandable and balloon expandable struc 
tural rings 12, for example in the con?guration as illustrated 
in FIG. 2a. 

Although the invention has been disclosed in terms of 
particular embodiments and applications, one of ordinary 
skill in the art, in light of this teaching, can generate additional 
embodiments and modi?cations Without departing from the 
spirit of or exceeding the scope of the claimed invention. For 
example, the polymer rings 48 and the polymer connectors 58 
can be used With the Zig-Zag-shaped structural rings 12. Simi 
larly, the polymer layer 13 can be used With the multiple 
diamond-shaped struts 44. Accordingly, it is to be understood 
that the draWings and descriptions herein are proffered by 
Way of example to facilitate comprehension of the invention 
and should not be construed to limit the scope thereof. 

What is claimed is: 
1. A stent, comprising: 
a ?rst member having a proximal section and including ?rst 

and second Zig-Zag-shaped annular bands, each of the 
bands having bend sections, Wherein the ?rst and second 
bands are arranged to form a structural ring having a 
diamond-shape, the ?rst member further including a 
plurality of connecting points that connect a portion of 
the bend sections of the ?rst annular band With a corre 
sponding portion of the bend sections of the second 
annular band; 

a second member having a distal section; and 
a connector joining the proximal section of the ?rst mem 

ber to the distal section of the second member, the con 
nector being made from a material comprising a poly 
mer; 

Wherein the connector ?exibly j oins the ?rst member to the 
second member, and Wherein the ?rst member is self 
expandable and the second member is capable of 
expanding With the application of an external force; 

Wherein the ?rst member diamond shape has a ?rst corner, 
second comer, a third corner and a fourth corner, the ?rst 
member further including 
a ?rst pair of adjacent bend sections of the ?rst and 

second annular bands connected to each other by a 
?rst connecting point and forming the ?rst comer, 
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a second pair of adjacent bend sections of the ?rst and 

second annular bands connected to each other by a 
second connecting point and forming the second cor 
ner, and 

the third and fourth comers of the diamond shape are 
formed by opposed bend sections of the ?rst annular 
band and the second annular band, Wherein the 
opposed bend sections are betWeen the ?rst and sec 
ond pairs of adjacent bend sections; and 

Wherein the ?rst and second connecting points are one of a 
bridge of material, adhesive and Weld. 

2. The stent of claim 1, Wherein the ?rst member and the 
second member have a diamond shape and are positioned 
next to each other along a longitudinal axis of the stent. 

3. The stent of claim 1, Wherein the connector comprises a 
ring-shaped structure, the ring-shaped structure connected to 
the proximal section of the ?rst member at a ?rst end of the 
ring-shaped structure and to the distal section of the second 
member at a second end of the ring-shaped structure. 

4. The stent of claim 1, Wherein the connector is de?ned by 
a plurality of joint elements such that a comer of the ?rst 
member is connected to an adjacent comer of the second 
member by one of the joint elements. 

5. The stent of claim 4, Wherein the joint elements have a 
generally box-shaped structure. 

6. The stent of claim 1, Wherein the connector comprises a 
ring connected to the proximal section of the ?rst member at 
a ?rst end of the ring and to the distal section of the second 
member at a second end of the ring-shaped structure. 

7. The stent of claim 1, Wherein the opposed bends are 
connected to polymer rings. 

8. The stent of claim 1, Wherein the ?rst annular band has 
betWeen four and tWenty ?ve bend sections. 

9. A stent comprising: 
a balloon expandable structural ring including: 

a ?rst ring member having a ?rst bend section, a second 
bend section and a third bend section, Wherein the 
second bend section is betWeen the ?rst and third bend 
sections; 

a second ring member having a fourth bend section, a 
?fth bend section and a sixth bend section, Wherein 
the ?fth bend section is betWeen the fourth and sixth 
bend sections; 

a ?rst connecting point connecting the ?rst and fourth 
bend sections; 

a second connecting point, separate from the ?rst con 
necting point, connecting the third and sixth bend 
sections; 

a polymer ring comprising a ?rst socket and a second 
socket, the ?rst socket being connected to the second 
bend; and 

a self-expandable structural ring connected to the second 
socket. 

10. The stent of claim 9, further including a second poly 
mer ring comprising a third socket connected to the ?fth bend 
section of the balloon expandable structural ring. 

11. The stent of claim 10, Wherein the second and ?fthbend 
sections form opposed corners of a diamond shape. 

12. The stent of claim 9, Wherein the ?rst Wire strut and the 
second Wire strut have Zig-Zag shapes. 

13. An implantable prosthesis, comprising: 
(a) a ?rst ring member; 
(b) a second ring member, the ?rst ring member positioned 

at a distance aWay from the second ring member, 
Wherein the ?rst ring member and the second ring mem 
ber are embedded Within and connected exclusively by a 
non-porous polymeric layer, and Wherein the ?rst ring 
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member is self-expandable and the second ring member Wherein the second ring member is positioned at an end of 
expands With the application of an external force; the implantable member prosthesis and the ?rst ring 

(c) a ?rst porous polymeric layer disposed over a ?rst side member is positioned at about a middle of the implant 
of the non-porous layer; and able prosthesis. 

(d) a second porous polymeric layer disposed over a second 5 
opposing side of the non-porous polymeric layer; and * * * * * 


